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Abstract
Little is known about the spatial vision of mice or of the role the visual cortex plays in mouse visual perception. In order to pro-
vide baseline information upon which to evaluate the spatial vision of experimentally and genetically altered mice, we used the visual
water task to assess the contrast sensitivity and grating acuity of normal C57BL/6 mice. We then ablated striate cortex (V1) bilat-
erally and re-measured the same visual functions. Intact mice displayed an inverse ‘‘U’’-shaped contrast sensitivity curve with a max-
imum sensitivity near 0.2 cycles/degree (c/d). Grating acuity, measured either by discriminating a sine-wave grating from an
equiluminant gray, or vertical from horizontal sine wave gratings, was near 0.55 c/d. Grating acuity and contrast sensitivity were
reduced signiﬁcantly following aspiration of V1. The mouse visual system exhibits fundamental mammalian characteristics, includ-
ing the feature that striate cortex is involved in processing visual information with the highest sensitivity and spatial frequency.
 2004 Elsevier Ltd. All rights reserved.
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The mammalian visual system is one of the most
widely studied sensory systems because it has several
advantages for experimental research. These include
that the attributes of visual stimuli can be speciﬁcally de-
ﬁned and controlled, that visual projections are organ-
ized retinotopically, that cells in the visual system
encode distinct properties of the visual scene, and that
precise visual psychophysical functions can be gener-
ated. Frontal-eyed primates, cats and ferrets have been
the most popular animal models for studies of mamma-
lian vision because the structure and function of their
visual systems is thought to be similar to that of0042-6989/$ - see front matter  2004 Elsevier Ltd. All rights reserved.
doi:10.1016/j.visres.2004.09.001
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science, the laboratory mouse has not been a popular
animal model for vision research, in part, because of a
common belief that it has a visual system that is unso-
phisticated and not typical of higher mammals.
Although there are several obvious diﬀerences between
the visual systems of mice and humans, including that
the mouse does not have a cone-dominated fovea (Car-
ter-Dawson & LaVail, 1979) and has limited binocular
overlap (Drager, 1975), there are several compelling rea-
sons to study the structure and function of the mouse
visual system. First, understanding the visual system of
mice may be crucial for elucidating the fundamental
structure and function of the mammalian visual system,
because rodents are by far the largest order of mammals,
representing over 40% of mammalian species. In addi-
tion, the receptive ﬁeld properties of cells in the mouse
visual cortex are qualitatively comparable to that of
frontal-eyed mammals (Drager, 1975; Hubener, 2003).
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producing the transgenic manipulations that may be
necessary for elucidating the cellular and molecular
mechanisms of vision, and because 99% of mouse genes
have a human homolog (Waterston et al., 2002), inves-
tigating the mechanisms of mouse vision will have
important implications for understanding human vision.
Due to its strength as an experimental animal model,
studies of the cellular basis of mouse vision, including
those aimed at understanding cortical visual function,
are on the rise. This research, however, is being conducted
without a ﬁrm understanding of basic mouse vision, with-
out the knowledge of how mouse vision compares with
that of other mammals, and without an understanding
of the role that the visual cortex plays inmouse visual per-
ception. A major reason for this lack of information is
that few behavioral techniques have been available to
measure mouse vision. We developed a simple method
to quantify mouse vision, called the visual water task
(Prusky, West, & Douglas, 2000a), and have used it pre-
viously to measure adult mouse acuity and the eﬀects of
visual deprivation (Prusky, Reidel, & Douglas, 2000b;
Prusky &Douglas, 2003). In these studies, like many that
psychophysically measure visual acuity animals, we
quantiﬁed the threshold ability of mice to discriminate
vertically oriented sine-wave gratings from gray of the
same mean luminance. The use of these discriminanda
has been criticized on the grounds that animals are not
compelled to discriminate between the stimuli before
making their choice; they may be just detect the presence
of one of the two stimuli. It is possible that measuring the
spatial threshold to distinguish gratings of diﬀerent orien-
tations is a superiormeasure of cortically-mediated visual
acuity because it is a purely spatial visual discrimination
task. At present, however, it is not known whether the
threshold for mice to detect a grating from gray diﬀers
from the threshold to detect gratings of diﬀerent orienta-
tions, or whether the visual cortex makes a diﬀerent con-
tribution to acuity measured in each of these tasks.
Animals must detect and identify spatial forms that
vary widely in size and contrast (Brady, 1997; Tolhurst,
Tadmor, & Chao, 1992) and the visual system appears
to be organized as a set of parallel channels, each
‘‘tuned’’ to stimuli of diﬀerent sizes or spatial frequen-
cies (Campbell & Robson, 1968; Wilson & Wilkinson,
1997). Measures of visual acuity only assess the ability
to perceive information of the highest spatial frequency
and contrast; they do not measure the ability to detect
information of lower spatial frequencies and contrasts.
Consequently, measures of contrast sensitivity over a
wide range of spatial frequencies are needed to more
comprehensively characterize spatial vision. To this
point, however, no behavioral measure of contrast sen-
sitivity in the mouse has been reported.
In order to address these research questions, we
quantiﬁed the grating acuity of adult mice by measuringthresholds to detect a sine wave gratings from gray, and
vertical gratings from horizontal gratings. We also
measured the contrast sensitivity of mice at spatial fre-
quencies between 0.059 and 0.445 c/d. We then removed
the striate cortex bilaterally, re-measured their contrast
sensitivity and grating acuities, and compared these
measures with pre-lesion thresholds.2. Materials and methods
2.1. Animals
Five adult female C57BL/6 mice were used in this
study. Animals were obtained from the Jackson Lab
and were group housed in transparent cages (46 cm
L · 26 cm W · 16 cm H) in a room with an ambient
temperature of 21 C, 35% relative humidity, 12/12
light/dark cycle, and where food and water were availa-
ble ad libitum. All experimental procedures were
authorized by the University of Lethbridge Animal Care
Committee, which only approves procedures that are
conducted in accordance with the standards of the
Canadian Council on Animal Care.
2.2. Apparatus
The visual water task (Prusky et al., 2000a) consists of
a trapezoidal-shaped (140 cm L · 80 cm W · 25 cm W)
tank (55 cm H) containing tap water (22 C) to a depth
of 15 cm. The 80-cm end wall of the tank is transparent,
but the inside of the remaining walls is painted ﬂat black
to reduce light reﬂections within the pool. A midline di-
vider (40 cm H) is positioned in the tank such that it ex-
tends 46 cm from the transparent wall along the
centerline of the pool, creating a maze with a stem and
two arms. A moveable Plexiglas platform (37 cm
L · 13 cm W · 14 cm H) is submerged at the end of
one of the arms. Reﬂections on the surface of the water
make the platform invisible from water level. A release
channel is placed into the tank at the end opposite the
transparent wall. This directs mice to swim down the
midline of the pool and eliminates the possibility of
experimenter side biases when placing the mice in the
water. A sheer weave fabric cover is draped over the
top of the tank to prevent extra-maze cues from distract-
ing the mice, while still allowing the observation of mice
in the task.
Two computer monitors (1700 VGA; Viewsonic E70F)
are positioned side-by-side outside the transparent wall
of the tank, each facing into one of the two arms of
the pool. The bottoms of the screens are located at water
level. The black level, contrast and luminance of the
monitors is equated (black level = 0.05 cd/m2, white
level = 72.8 cd/m2, when measured with a light meter
(model LS-110; Minolta, Osaka, Japan) positioned at
G.T. Prusky, R.M. Douglas / Vision Research 44 (2004) 3411–3418 3413the end of the midline divider). The spatial frequencies
of sine wave gratings are restricted to those with full cy-
cles to ensure there are no diﬀerences in the mean lumi-
nance of the monitors. The monitors are controlled by a
PCI video card (RADEON 7000 MAC Edition 32MB
(PCI)) installed in an Apple Macintosh computer
(PowerPC G4; 400 MHz). The gamma response is meas-
ured (Monitor Spyder, OptiCAL; ColorVision) for each
monitor and is used to linearize the video output to the
screens. A positive (+; reinforced) stimulus is displayed
on one computer screen and a negative (; non-rein-
forced) stimulus is displayed on the other. The sub-
merged platform is always hidden directly below the
screen displaying the +stimulus regardless of its left/
right location. A computer program (Vista; Cerebral-
Mechanics) generates the visual stimuli, controls the
left/right randomization pattern of the stimuli, records
behavioral responses with the aid of a remote control
box, provides control of parameters for individual ani-
mals while still enabling testing of animals within a
group, calculates the visual angle of the stimuli, and
plots and organizes the data.
2.3. Training and testing
Mice are instinctive swimmers and the visual water
task capitalizes on their natural inclination to escape
from water to a solid substrate, the location of which
is directly paired with a visual stimulus. The end of
the divider within the pool sets a choice point that is
as close as the mice can get to the visual stimuli without
entering one of the two arms. The length of the divider,
therefore, sets for the animals the eﬀective spatial fre-
quency of the visual stimuli.
2.3.1. Grating-versus-gray
In the ﬁrst phase of the experiment, the threshold for
the mice to distinguish a sine-wave grating from gray
was measured. A low spatial frequency (0.1 c/d), vertical
sine wave grating (+stimulus; 100% contrast) was dis-
played on one monitor and uniform gray of the same
mean luminance was displayed on the other, and the
mice were shaped to associate swimming to the platform
with escape from the water. On their ﬁrst trial, mice were
removed from their holding cage and released into the
pool a few centimeters from the platform, facing the
screen. Upon being released, the animals usually swam
directly forward, touched the platform, and then
climbed upon it. They were allowed to remain on the
platform for a few seconds and were then returned to
their holding cages. On the next trial, the location of
the grating and platform was switched to the opposite
arm of the pool and another trial was completed. After
this routine was repeated a few times, the release dis-
tance from the platform was increased gradually until
the animals could swim reliably from the release chuteto the platform at the end of the pool opposite the mon-
itors. Each mouse was trained in this fashion within a
group of animals using interleaved trials.
Next, the mice were shaped to distinguish a 0.1 c/d
grating from gray, with high reliability. The alternating
pattern of the grating/platform location was substituted
with a Left (L), Right (R) LLRLRR sequence; a simple
pattern we have found that the animals could not mem-
orize, but does not result side-biases in responses that
can develop when a stimulus is displayed three or more
times on the same side in succession. On all trials, the
mice were required to swim until they located the plat-
form. If the animals swam to the platform without
entering the arm that displayed gray, the trial was con-
sidered correct; if they swam into the arm of the maze
that contained the gray stimulus, the trial was recorded
as an error. After making an incorrect choice, the mice
were immediately required to run another trial. Once
animals achieved near-perfect performance (90% or bet-
ter over at least 10 trials) in the training phase, testing of
a grating threshold was initiated.
A method-of-limits procedure was used to test the
threshold to distinguish the grating from gray, in which
incremental changes in the spatial frequency of the sine
wave grating were made within blocks of trials until the
accuracy of animals to distinguish the stimuli fell below
70%. A LRLLRLRR trial-by-trial schedule was used to
determine which monitor displayed the stimuli. On each
trial, animals were released from the end of the pool
opposite the monitors and were allowed to swim until
they found the platform. If animals made a correct
choice, one sine wave cycle was added to the grating
on the next trial. This procedure was followed through
the low spatial frequencies, thereby minimizing the
number of trials far away from threshold. If an error
occurred, a criterion test was initiated in which addi-
tional trials were run at the same spatial frequency until
four correct responses were made in sequence, or seven
correct choices were made in a block of 10 trials. After
trials were completed covering approximately 1/2 of
the animals projected range to threshold, the minimum
number of trials at a spatial frequency was increased to
three, and then again increased to four around 3/4 of the
projected range. The same criterion testing as described
for the low spatial frequencies was applied at higher fre-
quencies. A preliminary grating threshold was estab-
lished when animals failed to achieve 70% accuracy at
a spatial frequency. In order to determine the validity
of this estimate, the spatial frequency of the grating
was reduced by 3–4 cycles, and the experimental proce-
dures described above were repeated a number of times
until a stable pattern of performance was established.
This method of sequential testing made use of 15 diﬀer-
ent spatial frequencies between 0.1 and 0.5 c/d. The per-
formance at each spatial frequency was averaged and
a frequency-of-seeing curve was constructed for each
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accuracy was recorded as the grating acuity. Mice were
tested as a group in sessions of 10–15 interleaved trials,
with each session lasting 45–60 minutes. No more than
two sessions, separated by at least one hour, were per-
formed in a single day. All trials were run with the room
lights oﬀ.
2.3.2. Contrast sensitivity
Once a grating-versus-gray acuity was established for
each mouse, the measurement of contrast sensitivity was
undertaken. A sine-wave grating with a spatial fre-
quency of 0.297 and maximum contrast was displayed
as the +stimulus, and homogeneous gray was displayed
as the stimulus. The initial discrimination in the con-
trast sensitivity task was the same basic discrimination
as in the previous grating acuity task; a high contrast
grating-versus-gray. Consequently, only 10–20 trials
were required for the animals to demonstrate 90% or
better accuracy at maximum contrast. Then, using
essentially the same testing procedures as described
above, the contrast of the grating was systematically de-
creased until the accuracy of the mice to make the dis-
crimination fell below 7/10. Typically, 5% decreases in
contrast were made in steps between the maximum
and 50% of the maximum contrast available, then
1–2% changes were made thereafter until a threshold
was reached. As with grating acuity, the threshold esti-
mate was retested a number of times. A frequency-
of-seeing curve was then constructed and the point at
which the curve intersected 70% accuracy was adopted
as the contrast threshold. The same testing procedures,
criterion testing, and data plotting were utilized to
establish contrast thresholds at the spatial frequencies
0.119, 0.386, 0.059, 0.445 and 0.208, in that order. The
Michelson contrast at a spatial frequency was calculated
from the screen luminance (max  min)/(max + min)
and the threshold was converted to contrast sensitivity
by taking the reciprocal.
2.3.3. Grating discrimination acuity
Once contrast sensitivity measures were completed,
the mice were retrained to discriminate between a verti-
cally oriented sine wave grating (+stimulus; full con-
trast), and a horizontally oriented sine wave grating
(stimulus; full contrast). Although the stimulus in
this task was diﬀerent than in the previous two tasks,
it only took the mice 40–60 trials to reach 90% accuracy.
Then, procedures identical to those described for deter-
mining grating-versus-gray acuity were used to establish
the grating discrimination threshold.
2.4. Surgery
Following the measurement of grating-versus-gray
threshold, contrast sensitivity and grating discrimina-tion acuity, lesions were made bilaterally in visual cor-
tex. The mice were anesthetized and maintained with
inhalated Isoﬂurane (induction at 2.5–4.5%, mainte-
nance at 1–2% evaporated in 1–1.5 l/min O2) and placed
in a stereotaxic frame. A topical antibacterial ophthal-
mic agent (Gentocin) was applied to the eyes and the
top of the head was washed with saline and wiped with
dilute Hibitane and 70% ethanol. A midline incision was
made in the scalp, the skin was resected to expose the
skull, and the boundaries of striate cortex were demar-
cated on the skull with reference to stereotaxic coordi-
nates (Franklin & Paxinos, 2000). A dental drill was
used create a trephination over visual cortex, the dura
was resected, and the cortex within the trephination
was aspirated down to white matter. The incision in
the scalp was closed with stitches, the animals were in-
jected with an analgesic (2.5 mg/kg Banamine), recov-
ered on a warm pad, and were returned to their home
cage once they were alert and mobile.
2.5. Post-surgery behavioral testing
The re-testing of visual thresholds commenced two
weeks after the completion of surgery. Grating discrim-
ination acuity was re-tested ﬁrst, because it was the last
threshold measured before surgery. The same proce-
dures that were used to generate the pre-surgery acuity
were used again. Next, the animals were retrained so
that contrast sensitivity could be reassessed. The same
basic procedures that were used to determine the con-
trast sensitivity previously were used again, except,
contrast thresholds at three spatial frequencies were re-
measured: 0.059, the lowest frequency tested; 0.208,
the previous peak of the contrast sensitivity curve; and
0.445, the highest spatial frequency measured before
the surgery. Once the contrast sensitivity measures were
complete, the animals were re-trained to reliably dis-
criminate vertical from horizontal gratings, and grating
discrimination acuity was re-measured using the same
procedures as those for generating the pre-surgery
thresholds.
2.6. Morphological analysis
Once behavioral testing was completed, the mice were
anaesthetized and perfused with cold saline followed by
buﬀered 4% paraformaldehyde. Their brains were ex-
tracted and the dorsal surface of each brain was photo-
graphed with a digital camera. The images were
analyzed with a Macintosh computer using the public
domain NIH Image program (developed at the US Na-
tional Institutes of Health and available on the Internet
at HYPERLINK ‘‘http://rsb.info.nih.gov/nih-image/’’
http://rsb.info.nih.gov/nih-image/). The surface features
of the brains, including the boundaries of the lesion,
were traced, ﬁducial landmarks were then used to
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otaxic coordinates (Franklin & Paxinos, 2000), and the
borders were superimposed on the illustration of each
animals brain.3. Results
3.1. Intact visual function
3.1.1. Grating-versus-gray acuity
The mice in this experiment exhibited a pattern of
performance in training and testing similar to mice in
our previous studies in which we utilized sine-wave grat-
ing-versus-gray discriminations (Prusky et al., 2000a,
2000b; Prusky & Douglas, 2003). The average grating
threshold (0.563 c/d; SEM = 0.021) was also comparable
to our previously reported values. The white bar in
Fig. 1 illustrates the grating-versus-gray threshold of
mice in this study.
3.1.2. Grating discrimination acuity
The average threshold of mice to discriminate a ver-
tical sine wave grating from a horizontal grating was
0.528 c/d (SEM = 0.011). This threshold was not signif-
icantly diﬀerent than the threshold to detect a sine wave
grating from gray (F = 2.17; p = 0.1790). The black bar
in Fig. 1 graphically illustrates the grating discrimina-
tion threshold.
3.1.3. Contrast sensitivity
The contrast threshold to detect a sine wave grating
from gray varied as a function of spatial frequency. At
0.059 c/d, the average contrast sensitivity of intact ani-
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Fig. 1. Grating-versus-gray (G vs G) and vertical versus horizontal
(V vs H) discrimination thresholds. The acuity of mice measured by
discriminating a sine wave grating from gray (0.563 c/d; white bar) did
not diﬀer signiﬁcantly from acuity measured by discriminating a
vertical from a horizontal sine wave grating (0.528 c/d; black bar). The
small vertical lines at the top of the bars represent + standard error of
the mean.old was 5.04 (SEM = 0.324). The contrast sensitivity
peaked at 6.37 at 0.208 c/d (SEM = 0.537), then dropped
to 3.4 at 0.297 c/d (SEM = 0.311) and dropped further
to 2.294 at 0.445 c/d (SEM = 0.183). The acuity extrap-
olated from a polynomial ﬁt of the data is between 0.5
and 0.6 c/d. The contrast sensitivity of intact animals
is shown in Fig. 2.
3.2. Surgery
Fig. 3 shows the extent of cortical lesions in the ﬁve
mice used in this study. The size of the lesions varied,
but in all animals, a substantial portion of V1 was re-
moved bilaterally and cortical white matter appeared
undamaged. In general, the lesions were biased toward
rostral V1, and in some animals, a signiﬁcant portion
of posterolateral V1 remained intact. In some cases,
the lesions may have encroached into extrastriate cortex.
3.3. Post-lesion visual function
3.3.1. Grating-versus-gray
The threshold to discriminate a sine wave grating
from gray was reduced signiﬁcantly (F = 648;
p < 0.0001) from 0.563 to 0.26 c/d (SEM = 0.022) fol-
lowing V1 lesions. The surgery did not aﬀect the ability
of animals to perform competently in the visual water
task at low spatial frequencies; they had near perfect
accuracy at distinguishing the sine wave grating from
gray. At around 0.2 c/d however, a much lower spatial
frequency than before surgery, animals began to make
a signiﬁcant number of errors, and fell below 70% cor-
rect at about 0.30 c/d lower than before surgery. The left
panel of Fig. 4 shows these results graphically. WeFig. 2. Contrast sensitivity curve. Spatial frequency (x-axis) is plotted
as a function of contrast sensitivity (y-axis) on log scales. The mice
exhibited an inverted ‘‘U’’-shaped function, typical of a mammal,
which had maximum sensitivity at 0.208 c/d. The solid line is a best-ﬁt
curve of the data. The arrow points to the spatial frequency expected
to be the threshold at 100% contrast (acuity). +/ SEMs are plotted on
each symbol.
B1 B2 B3 G1 G3
2mm
Fig. 3. Reconstruction of cortical lesions. The brain of each animal in the study is outlined in black, the estimated boundaries of V1 are outlined by
dashed black lines, and lesions are shown in gray. The lesions removed a large segment of V1 bilaterally in each animal. Portions of lateral and rostral
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Fig. 4. Eﬀect of V1 aspiration on visual acuity. (A) Visual acuity of intact animals (white bar), measured by discriminating a grating from gray, was
signiﬁcantly reduced following V1 lesions (light gray bar). (B) Visual acuity of intact animals (black bar), measured by discriminating a horizontal
grating from a vertical grating, was signiﬁcantly reduced following V1 lesions (dark gray bar). The small vertical lines at the top of the bars
represent + standard error of the mean. Asterisks indicate signiﬁcant (p 6 0.05) mean diﬀerences.
Fig. 5. Eﬀect of V1 aspirations on contrast sensitivity. Intact values
are indicated by open circles and a dotted line; post-surgical values are
indicated by closed circles, and a solid lines. Contrast sensitivity at
0.059 c/d was unaﬀected by V1 lesions, however, sensitivity was
signiﬁcantly reduced at 0.208 and 0.445 c/d. +/ SEMs are plotted on
each symbol. Asterisks indicate signiﬁcant (p 6 0.05) mean diﬀerences.
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tical damage and post-lesion acuity, or between the area
of cortical damage and the relative loss of acuity as the
result of the lesion.
3.3.2. Grating discrimination acuity
V1 lesions signiﬁcantly (F = 126.493; p = 0.0004) re-
duced the threshold of animals to discriminate a vertical
from a horizontal grating. The pre-surgery acuity of
0.528 c/d fell to 0.279 c/d (SEM = 0.024) following sur-
gery. There was no signiﬁcant diﬀerence in post lesion
acuity between the gray-versus-grating and grating dis-
crimination values (F = 0.527; p = 0.4887). The right
panel of Fig. 4 shows these results graphically. We
found no signiﬁcant correlation between the area of cor-
tical damage and post-lesion acuity, or between the area
of cortical damage and the relative loss of acuity as the
result of the lesion.
3.3.3. Contrast sensitivity
Contrast sensitivity was signiﬁcantly aﬀected by sur-
gery. An analysis of variance revealed that there was a
signiﬁcant eﬀect of surgery (F = 56.244; p < 0.0001)
and a surgery by spatial frequency interaction
(F = 14.526; p = 0.0006). Post-hoc Tukey/Kramer testsrevealed that surgery signiﬁcantly reduced the contrast
sensitivity at 0.208 and 0.445 c/d, but not at 0.059 c/d
(P < 0.05). Fig. 5 plots these results graphically. We
found no signiﬁcant correlation between the area of
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any spatial frequency, or between the area of cortical
damage and the relative loss of contrast sensitivity as
the result of the lesion.4. Discussion
4.1. Mouse acuity
Three separate measures of visual acuity were ob-
tained in this study: a threshold to discriminate a sine-
wave grating from an equiluminant gray, a threshold
to discriminate a vertical from a horizontal sine wave
grating, and a threshold estimated from the contrast sen-
sitivity curve. The close agreement in the three threshold
values indicates that the diﬀerent methods used to assess
acuity in this study are likely measuring the same func-
tion. The acuity values generated in the present experi-
ment are also in concordance with those obtained using
electrophysiological methods (Porciatti, Pizzorusso, &
Maﬀei, 1999). Thus, it is likely that the true visual acuity
of C57-B6 mice raised under typical laboratory rearing
conditions is near 0.55 c/d. The similarity in threshold
values generated using diﬀerent discriminada, also indi-
cates that discriminating between gratings of diﬀerent
orientations is not a superior method of measuring visual
acuity in the mouse. The visual water task provides a
non-invasive way to measure mouse visual acuity and
may be better suited for longitudinal studies than are
electrophysiological approaches.
The acuity of C57B/6 mice is lower than that of hu-
mans and many other popular animal models used to
study mammalian visual function [Human = 30 c/d;
Macaque = 38 c/d (Merigan & Katz, 1990); Ferret =
3 c/d (Price & Morgan, 1987); cat = 7 c/d (Timney,
Mitchell, &Giﬃn, 1978); pigmented rat = 1.0 c/d (Prusky
et al., 2000a)]. The smaller extent of frontal vision, and
the lower visual acuity of the mouse relative to other
models, is a liability when studying foveal vision. How-
ever, because it has numerous advantages as an experi-
mental model and its acuity can be readily quantiﬁed,
the mouse may be a superior model for studying funda-
mental mammalian retinal function, and for peripheral
human retina.
4.2. Mouse contrast sensitivity
We are not aware of a previous behavioral measure
of mouse contrast sensitivity, but the lack of such a
measure is not surprising. Obtaining a full curve was
time-consuming, even with the present technique, and
it may be prohibitive with other methods. The contrast
sensitivity curve generated in this study exhibits features
characteristic of other mammals (Uhlrich, Essock, &
Lehmkuhle, 1981), including that the curve has an in-verted ‘‘U’’ shape, and that contrast sensitivity peaks
at intermediate range spatial frequencies. The absolute
sensitivity at the lower spatial frequencies may be under-
estimated given the small number of cycles that can be
displayed on the screens, but the thresholds are suﬃ-
ciently reliable that relative comparisons can be made
between diﬀerent animals or across time.
4.2.1. Role of visual cortex in mouse spatial vision
Lesions of the visual cortex decreased visual acuity to
below 0.3 c/d, and did so for each testing methodology.
This again conﬁrms that gray versus grating and grating
orientation measures of acuity are comparable in the
mouse. Contrast sensitivity was not aﬀected at the low-
est spatial frequency measured, but was reduced at the
mid frequency, where the normal mouse is most sensi-
tive, and at the highest spatial frequency measured.
Thus, the mouse visual system displays fundamental
mammalian characteristics, including the feature that
striate cortex is involved in processing visual informa-
tion with the highest sensitivity and spatial frequency.
Although sine wave stimuli were utilized in the pre-
sent study, primarily because sine functions possess use-
ful analytical properties, and the early stages of visual
processing are optimally ‘‘tuned’’ to such stimluli
(Campbell & Robson, 1968; Watson, Barlow, & Rob-
son, 1983), the behaviour of the mice suggests that they
could learn other visual discriminations. This makes
behavioral tests that utilize vision to drive responses
ideal for investigating the mechanisms of brain plastic-
ity, learning and memory, and recovery of function fol-
lowing neural trauma.5. Conclusions
The ability to quantify spatial vision in mice, before
and after an experimental manipulations or genetic,
makes the mouse an excellent candidate for studying
the fundamental mechanisms of mammalian vision,
and for developing treatments for visual diseases.Acknowledgments
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